Abstract By analyzing two sets of complete BV R c I c light curves of V342 UMa and three sets of complete BV R c I c light curves of V509 Cam, we determined that the two systems are both W-subtype contact binaries and that V342 UMa shows a shallow contact configuration, while V509 Cam exhibits a medium contact configuration. Since both of them are totally eclipsing binaries, the physical parameters derived only by the photometric light curves are reliable.Meanwhile, the period changes of the two targets were analyzed based on all available eclipsing times. We discovered that V342 UMa shows long-term period decrease with a rate of −1.02(±0.54) × 10 −7 days/year and that V509 Cam exhibits long-term period increase with a rate of 3.96(±0.90) × 10 −8 days/year. Both the conservative mass transfer and AML via magnetic stellar winds can interpret the long-term period decrease of V342 UMa. The long-term period increase of V509 Cam can be explained by mass transfer from the less massive star to the more massive one. The absolute parameters of the two binaries were estimated according to the Gaia distances and our derived photometric solution results. This method can be extended to other contact binaries without radial velocities but with reliable photometric solutions. The evolutionary states of them were discussed, we found that they reveal identical properties of other W-subtype contact systems.
INTRODUCTION
W UMa contact binaries are comprised of two late type stars with spectral types from F to K. The two component stars are sharing a common convective envelope and have nearly equal effective temperatures although their masses are very different. The analysis of W UMa contact binaries is very necessary for modern astrophysics as they are probes for understanding tidal interactions, energy exchange, mass transfer, and angular momentum loss. The formation, evolution, ultimate fate, and magnetic activities of the W UMa contact binaries are still debatable issues (e.g., Guinan & Bradstreet 1998; Bradstreet & Guinan 1994; Eggleton & Kisseleva-Eggleton 2006; Fabrycky & Tremaine 2007; Qian et al. 2006 Qian et al. , 2007a Qian et al. , 2014 Qian et al. , 2017 Qian et al. , 2018 . In order to solve these problems, the determination of physical parameters of a great deal of such type binaries is required.
The physical parameters, such as mass ratio, are poorly estimated for partially eclipsing contact binaries (e.g., Pribulla et al. 2003; Terrell & Wilson 2005) . In addition, the spectroscopic mass ratio sometimes can not be reliably derived according to the broadened and blended spectral lines (e.g., Dall & Schmidtobreick 2005; Rucinski 2010) . By the study of contact binaries that have been obtained both spectroscopic and photometric mass ratios, Pribulla et al. (2003) discovered that the photometric mass ratios of the totally eclipsing systems correspond to their spectroscopic ones. Terrell & Wilson (2005) determined similar result by discussing the relations between photometric and spectroscopic mass ratios. These results suggest that we can derive very precise and reliable physical parameters for totally eclipsing contact binaries only by the photometric light curves. Thanks to the Gaia mission (Gaia Collaboration et al. 2018) , the parallaxes of more than one billion stars have been obtained, which allows researchers to estimate the absolute parameters of contact binaries even if there is no radial velocity observations (e.g., Kjurkchieva et al. 2019a,b) . Therefore, we chose two totally eclipsing binaries, V342 UMa and V509 Cam, to analyze their light curves and period variations and estimate their absolute parameters.
V342 UMa was firstly discovered as a W UMa type binary by Nelson et al. (2004) during the observations of a nearby star BH UMa. The period of 0.343854 days, the color index of B − V = 0.64, and spectral type of G3 were obtained. A photometric study by them revealed that V342 UMa is a low mass ratio (q = 0.331) W-subtype contact binary (the hotter component is the less massive one). It has been fifteen years after the discovery and the first photometric investigation of V342 UMa, we decided to investigate the light curves and orbital period changes of this target.
V509 Cam was firstly identified as an EW type eclipsing binary by Khruslov (2006) during an eclipsing binaries search in Camelopardalis. The variability amplitude of 0.6 mag and the orbital period of 0.35034 days were determined by him. At present, neither the light curve synthesis nor period variation analysis has been carried out for this star, we will analyze the light curves and orbital period variations of this target in this paper.
CCD OBSERVATIONS OF V34UMA AND V509 CAM
Charge-coupled device (CCD) photometry of V342 UMa and V509 Cam were carried out from 2018 to 2019 using the Weihai Observatory 1.0-m telescope of Shandong University (WHOT, Hu et al. 2014) , the Nanshan One-meter Widefield Telescope (NOWT, Liu et al. 2014) at the Nanshan station of the Xinjiang Astronomical Observatory, the 60cm Ningbo Bureau of Education and Xinjiang Observatory Telescope (NEXT), and the 85 cm telescope at the Xinglong Station of National Astronomical Observatories (NAOs85cm) in China. The observational information is listed in Table 1 . In order to record the observed images, 2K × 2K CCD cameras were used for WHOT, NEXT, and NAOs85cm, and a 4K × 4K CCD camera was applied to NOWT. The field of views are 12
′ × 22 ′ for NEXT, and 32 ′ × 32 ′ for NAOs85cm. The effective subframe of NOWT is 30 ′ × 30 ′ during the observations. The filters we used are standard Johnson-Cousin-Bessel BV R c I c systems. The standard IRAF routine was applied to process the observed data including zero and flat calibrations, and aperture photometry, then different magnitudes between the target and the comparison star and those between the comparison and check stars were obtained. The complete light curves of V342 UMa observed by NEXT and WHOT and those of V509 Cam observed by NOWT and NEXT are illustrated in Figure 1 and Figure 2 , respectively. As seen in the two figures, the two targets show EW type light curves, and very clearly flat primary minima can be discovered. Based on our observations, six eclipsing minima were derived for V342 UMa, while ten were obtained for V509 Cam, all the minima were calculated by the K-W method (Kwee & van Woerden 1956) and are listed in Table 2 .
ORBITAL PERIOD VARIATIONS
Both of V342 UMa and V509 Cam have been identified more than ten years, no one has analyzed the orbital period variations at present. Then, we collected all published eclipsing times for V342 UMa and V509 Cam from literatures, and listed them in Planets, Butters et al. 2010) has observed V342 UMa, we calculated two minima using the archive data and also listed in Table 2 . Combining our new observed ones, we obtained a total of 43 photoelectric or CCD eclipsing times for V342 UMa, and a total of 17 photoelectric or CCD eclipsing times for V509 Cam. Using the least-squares method, the linear ephemeris of V342 UMa taken from Nelson et al. (2004) was corrected to be:
and the linear ephemeris of V509 Cam originated from O-C Gateway 1 was amended to be:
All the O-C values calculated by the two equations are listed in Table 2 , the corresponding curves are displayed in Figure 3 . We can find that both of V342 UMa and V509 Cam show a parabolic trend. Then, quadratic ephemerides were applied to fit the O-C curves of the two targets,
Min.I = −0.00127(±0.00056) − 0.00000041(±0.00000010)E + 1.90(±0.43) × 10
When removing Equations (3) and (4), the residuals are listed in Table 2 and shown in the bottom panels of Figure 3 . No cyclic variations can be detected in the residuals. According to the coefficients of the quadratic terms of Equations (3) and (4), we determined that the period of V342 UMa is secular decrease at a rate of −1.02(±0.54) × 10 −7 days/year and the period of V509 Cam is continuously increase at a rate of 3.96(±0.90) × 10 −8 days/year.
PHOTOMETRIC SOLUTIONS OF V342 UMA AND V509 CAM
Based on our observations, two sets of complete light curves of V342 UMa and three sets of light curves of V509 Cam were obtained. The Wilson-Devinney (W-D) program (Wilson & Devinney 1971; Wilson 1979 Wilson , 1990 ) was used to model these light curves. Gaia DR 2 (Gaia Collaboration et al. 2016 , 2018 has observed these two targets and determined the mean temperatures of them, T m = 5741 K for V342 UMa and T m = 6462 K for V509 Cam. At first, the mean temperature was set as the temperature of the primary, T 1 . The bolometric and bandpass limb-darkening coefficients were taken from van Hamme (14) (1) Nelson et al. 2004 ; (2) (1993)'s table, and the gravity-darkening coefficients and the bolometric albedos were set as g 1,2 = 0.32 and A 1,2 = 0.5 for their convective envelopes (Lucy 1967; Ruciński 1969) . Due to the lack of radial velocity curves, the q-search method was applied to determine the mass ratios of the two systems. When we obtained the final solutions, the temperatures of the two components were calculated using the following method (Coughlin et al. 2011; Dimitrov & Kjurkchieva 2015) ,
where ∆T = T 1 − T 2 and c = L 2 /L 1 are derived by the W-D modeling. Because both V342 UMa and V509 Cam were obtained two or more sets of complete light curves, and the light curves observed at different times are different. The physical parameters determined by different light curves may be different. Therefore, we chose one set of the complete light curves to determine the physical parameters, and the derived physical parameters were set as reference values to model the other light curves. For V342 UMa, the complete light curves observed in 2019 have higher quality comparing to those observed in 2018, so the 2019 light-curve was the chosen one. For V509 Cam, the complete light curves observed on March 06, 2018 are symmetric and have the highest precision among the three sets of light curves, so the 201803 light-curve was the chosen one. During the modeling, we used Mode 2 (detached configuration) for both targets at first and found that the solutions were quickly convergent at Mode 3 (contact configuration). The adjustable parameters are as follows: the orbital inclination, i, the temperature of the secondary, T 2 , the dimensionless potential of the primary Ω 1 , and the monochromatic luminosity of the primary, L 1 . Then, a series of of solutions with fixed values of mass ratio q were carried out for them. The weighted sum of squared residuals, W i (O − C) 2 i , versus mass ratio q of the two systems are respectively displayed in the left and right panels of Figure 4 . As seen in Figure 4 , a very sharp minimum was determined for V342 UMa at q = 2.8, while that was derived for V509 Cam at q = 2.5. These two values were set as initial values and adjustable parameters, new solutions were performed. When the solutions were convergent, the physical parameters were obtained. The light curves of V342 UMa is asymmetric, adding a cool spot on the less massive primary component can reproduce the asymmetric light curves. The derived physical parameters are listed in Table 3 , and the synthetic light curves are respectively shown in Figure 5 and Figure 6 .
To model the other light curves, the physical parameters derived above were set as reference values and the mass ratio q was fixed. Due to the asymmetric light curves, spots model was applied. The best fitting results are also listed in Table 3 , and the corresponding fitting curves are respectively displayed in Figure 5 and Figure 6 . According to the previous discussion, the physical parameters determined by the 2019 light-curve of V342 UMa and the 201803 light-curve of V509 Cam should be more reliable. Therefore, the physical parameters determined by the 2019 light-curve of V342 UMa and the 201803 light-curve of V509 Cam were adopted as the final results. The geometric configurations of the two systems are respectively plotted in Figure 7 and Figure 8 , the changes of the spot distributions can be clearly clarified.
DISCUSSION AND CONCLUSIONS
Two sets of complete BV R c I c light curves of V789 Her and three sets of complete BV R c I c light curves of V509 Cam were obtained and analyzed. We discovered that both of the two systems are W-subtype contact binaries, q = 2.748 ± 0.015 for V342 UMa and q = 2.549 ± 0.016 for V509 Cam. V342 UMa is a shallow contact binary with a fill-out factor of f = 10.0 ± 3.1%, and V509 Cam is a medium contact binary with a contact degree of f = 32.1 ± 3.4%. The two systems show totally eclipsing primary minima, the inclinations of them are higher than 82
• , and the q-search curves exhibit very clear sharpness around the bottom. All these indicate that the photometric solutions derived only by the photometric light curves are reliable (e.g., Pribulla et al. 2003; Terrell & Wilson 2005; Zhang et al. 2017) .
Our photometric results of V342 UMa, such as the less massive component is the hotter one, and the reciprocal of our mass ratio is 1/q ∼ 0.364, are similar with those determined by Nelson et al. (2004) . By collecting all available eclipsing times of V342 UMa and V509 Cam, we studied the period changes and obtained that the period of V342 UMa is secular decrease at a rate of −1.02(±0.54) × 10 −7 days/year and the period of V509 Cam is continuously increase at a rate of 3.96(±0.90) × 10 −8 days/year.
Absolute Parameters Estimation
Because of the lack of radial velocity curves of V342 UMa and V509 Cam, we can not directly determine the absolute parameters. However, due to the Gaia mission (Gaia Collaboration et al. 2018) , we can estimate the absolute parameters based on the distance. Firstly, the absolute magnitude of the two systems can be derived according to the parallax determined by Gaia mission and the relation M V = m V − 5 log D + 5 − A V , where m V is the V band visual magnitude which can be derived from Gettel et al. (2006) , D represent the distance which can be computed by the Gaia parallax, and A V is extinction value which can be derived from Chen et al. (2018) . Secondly, using the equations
is the absolute bolometric magnitude and BC V is the bolometric correction which can be interpolate from Table 5 of Pecaut & Mamajek (2013) , the total luminosity of the binary can be calculated. Thirdly, the luminosity of each component (L 1 and L 2 ) can be determined by the luminosity ratio L 2 /L 1 listed in Table 3 . Fourthly, assuming black-body emission(L = 4πσT 4 R 2 ), the radius of each component can be estimated, hence the semimajor axis a can be obtained based the absolute and relative radius of each component (an average value of a was adopted). Finally, the mass of each component can be calculated by using Kepler's third law M 1 + M 2 = 0.0134a 3 /P 2 and the mass ratio q. Following these steps, we obtained the absolute parameters of V342 UMa and V509 Cam. The absolute parameters, along with the parameters needed in the calculation process, are listed in Table 4 . This method provide an opportunity to estimate absolute parameters of contact binaries without radial velocity curve observations and can be applied to other contact binaries with reliable photometric solutions. 
The Secular Period Changes
The period of V342 UMa is secular decrease at a rate of −1.02(±0.54) × 10 −7 days/year. Usually, the long-term period decrease is produced by conservative mass transfer or angular momentum loss (AML). If it is caused by conservative mass transfer, the mass transfer rate can be determined to be dM 1 /dt = 3.01(±1.59) × 10 −8 M ⊙ yr −1 by using the following equation,
The positive sign indicates that the less massive primary component is receiving mass. Assuming the angular momentum and the total mass are constant and the more massive component transfers its mass on a thermal timescale, τ th = 3.39 × 10 7 years can be calculated using this relation τ th = GM 2 2 R2L2 . Then, the mass transfer rate can be roughly derived to be M 2 /τ th = 3.81 × 10 −8 M ⊙ yr −1 , which is coincide with the result determined by Equation (6). Another possibility is the AML due to magnetic stellar winds. An approximate for calculating the period decrease rate was given by Guinan & Bradstreet (1998) as below,
where k 2 is the gyration constant. Taking k 2 = 0.1 from Webbink (1976) for low-mass main-sequence stars, we derived that the period decrease rate caused by AML is −0.71 × 10 −7 days/year, which is similar to the observed value. Therefore, both the conservative mass transfer and AML can explain the long-term period decrease of V342 UMa. At present, we can not know which one is dominant only based on the observed period variation.
The period of V509 Cam is continuously increase at a rate of 3.96(±0.90) × 10 −8 days/year. The long-term period increase is generally attributed to conservative mass transfer. Using Equation (6), we derived that the mass transfer rate is dM 1 /dt = −1.07(±0.24) × 10 −8 M ⊙ yr −1 . The negative sign exhibits that the less massive primary component is transferring mass to the more massive secondary one. V509 Cam is a late type contact binary, the AML due to magnetic stellar winds should also can happen in V509 Cam. Therefore, the determined mass transfer rate should be considered as a minimal value.
The secular period decrease rate, −1.02(±0.54) × 10 −7 days/year, of V342 UMa is very common in W-subtype contact binaries, such as −1.69 × 10 −7 days/year for V502 Oph (Zhou et al. 2016 ), −0.62×10 −7 days/year for GU Ori (Zhou et al. 2018) , and −1.78×10 −7 days/year for V1007 Cas (Li et al. 2018) . With decreasing period, V342 UMa will evolve from the present shallow contact configuration to high fill-out contact state. The long-term period increase rate, 3.96(±0.90)×10
−8 days/year, of V509 Cam is also very common in W-subtype contact binaries, such as 5.09×10
−8 days/year for EP And (Lee et al. 2013) , 7.7 × 10 −8 days/year for UX Eri (Qian et al. 2007b) , and 6.5 × 10 −8 days/year for LR Cam (Yang & Dai 2010) . With increasing period, V509 Cam may evolve into a broken-contact binary. There is another possibility that the long-term period variations of the two systems are only part of very long period periodic variations as a result of distant third body (Liao & Qian 2010) , continuous observations of the two targets are required to confirm this in the future.
Light Curve Variations of the Two Targets
As seen in Figure 1 and Figure 2 , we can discover that the light curves of V342 UMa and V509 Cam display very clear variations. For V342 UMa, the light curves observed in 2018 show a positive O'Connell effect (means the first light maximum, Max. I, is brighter than the second one, Max. II), while the light curves observed in 2019 reversed to exhibit a negative O'Connell effect (means Max. I is fainter than the Max. II). For V509 Cam, the light curves observed in February, 2018 show a negative O'Connell effect, then light curves observed in March, 2018 are almost symmetric. However, the light curves reverse to exhibit a positive O'Connell effect in April, 2018. The differences between Min.I and Min.II, Max.II and Max.I, Min.I and Max.I, and Min.II and Max.I were calculated and are listed in Table 5 . Such changes in the light curves are very common in contact binaries, such as BX Peg (Lee et al. 2004 (Lee et al. , 2009 , HH UMa (Wang et al. 2015) , RT LMi (Qian et al. 2008) . They are generally caused by magnetic activities and can be interpreted by the presence of spots. The changes of the light curves of V342 UMa and V509 Cam are both explained by spot variation.
The Evolutionary Status
To study the evolutionary status of the two stars, the Hertzsprung-Russell (H-R) diagram and the colordensity (C-D) diagram were constructed and are shown in the left and right panels of Figure 9 , respectively. The zero age main sequence (ZAMS) and the terminal age main sequence (TAMS) in the H-R diagram were taken from Girardi et al. (2000) , while the ZAMS and TAMS in the C-D diagram were come from Mochnacki (1981) . In order to compare with other W-subtype contact binaries, the W-subtype low mass contact binaries (LMCBs) listed in Yakut & Eggleton (2005) are also displayed in Figure 9 . The horizontal ordinate of the right panel of Figure 9 is color-index, we converted the temperatures of the components of all systems including V342 UMa and V509 Cam to color-index based on Table 5 of Pecaut & Mamajek (2013) . The mean densities of the components were calculated using the relation provided by Mochnacki (1981) , ρ 1 = 0.079 V 1 (1 + q)P 2 g cm −3 , ρ 2 = 0.079q V 2 (1 + q)P 2 g cm −3 .
In Figure 9 , the ZAMS and TAMS are labeled as solid and dotted lines, respectively, and the circles refer to the more massive components (p), while the triangles represent the less massive ones (s). Both the H-R diagram and the C-D diagram reveal that the components of V342 UMa and V509 Cam are consistent with those of other W-subtype contact systems. The less massive components are close to the ZAMS, meaning that they are main-sequence or little evolved stars, while the more massive ones are located near the TAMS, indicating that they are at an advanced evolutionary stage. Because the more massive components are more evolved, they should fill their inner Roche lobes first and transfer energy to the less massive ones, this will result that the less massive components have higher temperatures and lead to the W-type phenomenon. In this paper, the investigations of the light curves and period variations of V342 UMa and V509 Cam are presented. We found that both of the two systems are W-subtype contact binaries and show very strong light curve changes. The period changes analysis reveal that V342 UMa shows long-term period decrease which can be caused by conservative mass transfer or AML due to magnetic stellar winds and that V509 Cam exhibits long-term period increase which can be attributed to conservative mass transfer. The absolute parameters of the two binaries were obtained based on the Gaia distances. In order to identify cyclic period changes of them, further observations are required. 
